The incorporation of ecological processes into models of trait evolution is important for understanding past drivers of evolutionary change. Species interactions have long been thought to be key drivers of trait evolution. However, models for comparative data that account for interactions between species are lacking. One of the challenges is that such models are intractable and difficult to express analytically. Here we present phylogenetic models of trait evolution that includes interspecific competition amongst species.
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To get the evolutionary rate we multiply this by a, giving:
8 At first glance it might appear that changing a and ߪ would have different effects because the 9 former changes evolutionary rates in a linear manner, whilst the effect of the latter is non- Substituting into equation (2) and ignoring higher than squared terms we get:
Overall, the rate of evolution is given by the overlap, 
Δ ܺ
is large, then the data will contain no information on interactions between species and hence it will not be possible to fit the model and we cannot estimate either a or ߪ . 1 2 3 Note: Because the test is based on a parametric bootstrap, necessarily power = 0.05 when a = 0, Note: the finch trait dataset is that given in Lamichhaney et al. (2015) . The competition Figure 2 . A, B, Effects of interspecific competition on trait value distributions across a clade. The BM model results in a normal distribution, whose variance increases linearly with time. The competition model predicts a flattened distribution, whose variance increases with time, initially faster than for BM, but slowly slowing to the BM rate. When hard limits are placed on trait space, the competitive distribution is further flattened, with probability peaks at the limits, since competition will tend to push species to those limits. C, Effect of tree size on variance of trait values of an evolving clade. Under BM the tree size has no effect, but with competition across the clade, a more numerous clade results in a greater amount of trait variation in that clade. D, The correlation between two traits across the species in a clade, as a function of the strength of interspecific competition parameter. The BM rate parameter in set to 1 throughout. E, Correlation for the model with limits. F, The signal (Blomberg's K) as a function of competition strength. The traits are evolving with their random (BM) evolution strongly correlated; the pressure from competition to be dissimilar acts against this natural correlation. Figure 3 . Traits and contrasts for two traits, where one trait has a dependence on the other. For each step in time, the dependent trait has an evolutionary change that depends on the change to the other trait. If the dependence is 1, then these changes are equal; if the dependence is 0.5, then the change in the dependent trait is 0.5 of the change in the other trait, and the remaining change is random. A, Trait correlation as a function of the intrinsic trait dependence. B, Contrast correlation as a function of the intrinsic trait dependence. C, Correlation between contrasts is slightly greater than correlation between traits for competitive evolution. D, Contrast and trait correlations for a model of competition with traitspace limits. 
